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description 

Reidof The Invention 

The present invention concerns a debugging systenri s 
for debugging microcomputer application systems. 

flackaround of the Art 

Fig. 1 shows example 1 of the prior art: which is a w 
debuggihg system that is generally called a ROM moni- 
tor. A serialinterface 80 for connectingwith a host com- 
puter 90 js provided on a user target system 70, and a 
■monitor program 41 is stored in memory 40. M 
esspr 10 iaccesses I/O 50. memory .40, and register 11 75 

oby running monitor program 4t. Furt^ 
borifro! of user programs is perform^^ 

^iireak instructions: 
v"?Rg::2shd^ 

fecQ 12; needed for. cbmmu^ 20 
top, and a sequencer 13 for 'interpreting and executing 
the electrical signals sent from the debugging tool 100, 
are coritained in microprocessor 10 on user target sys- 
tern 70. According to received signals, sequencer 13 . v 
ierriporiarily halts th6 execution of the usier program's is 

oaccessilng^^^ 

: 1/050 by^ 

IcontrpldFuserprogi^ ■ 

breakpoints or software break 

jSihce signals from 30 
be connjBCted directly to host computer 90, debugging > 
tdpl 10b coriverts the conimands from hc^^ 
to efbctrical signals ^^kt can be connected directly to 
^microprocessor ib, and converts signals from micro-, 
proceissor 10 to a data forrnat host computer 90 under- 35 

; :stahds. • / • 

f^^^ example s of the prior art which is a 

debugging system ^hat is generally calljed ^an in-drcuit 
enriulatbr. During debugging, microprocessor 10 ^ri user 
targetbbard system 70 is remoyied or made inactive, and ■ • ;4p 
the probe of debuggi^ 1 10 is connected thereto for 
fuhning d^bugging^^m^^ 120 instead. Debug- 

girig microprocessor 120 c the execution of the 

user programs, acces-ses data in memory 40. and 
accesises I/O 50 by execiJting the monitor program . 45 
stored in monitor program memory 130 on the debugging 
too). Moreover, debugging microprocessor 120 executes 
programs stored in memory 40 on the user target system 
just as though the microprocessor 10 were executing, 
therh. 'Moreoveri debugging tool 1 10 has a trace memory so 
140. and can trace 5the state of the processor bus of 
fcess or 120 . D e b ugging %tiCfopfoe> 
essor 1 10 outputs the trace information that is not avail- 
able from microprocessor 10. B^^ 

internal state of the processor that cannot be traced from ss 
the processor bus alone pari be traced. 

rfig. '4 show^ the prior art which is a 

/djBbugging;sys^^^^ calle|d a pre-proces- 

sor. By connecting the probe, bf a logic analyser 150 to 



processor bus 90 of microprocessor 10 on user target 
^ system.70, accesses to memory 40 and I/O 50 of micro- 
processor 10 can be traced. 

Since /the operations and circuit structures of the 
examples of the prior art explained in Figs. 1 through 4 
are well known to those skilled in the art. no further expla- 
nation will be provided here. 

Problems the Present In vention Seeks to Solve 

In example 1 of the prior art, since the monitor pro- 
gram runs on the user memory, if an operation of the 
memory system of the user's target system is not com- 
plete, there are cases in which the monitor itself does not 
operate in a stable mariner. Moreover, if there is ho room 
left in the memory of the target system, the address 
^pace to be occupied by the moriitor may not be availa- 
ble. Furthermore, since some of the user interrupt must 
be uised for the . entry into the monitor mode, debugging 
. is sorhetimiBs inipossible, deperx^^ on the Wnd of pro- 
gram. Moreover, it is necessary to provide circuits such 
as a serial interface circuit in the target system that may 
not be used after the debugging. /VIso. since no 
. .:re:sources.for debugging, sue as hardware break points 
are provided, th^ debugging functions are poor, and 
traces cannot be obtained; 

A -vJn exampile 2 of the^pridr art. $ince a sequencer is ; 
vviricorpoiBted^iin Ihe microprocessqn and sequenb6r 
accesses the registers, the logic circuits for connection 
with the debugging tool become conripl^ sur- 
face area they require on the chip becomes large. Mbre- 
pver; Wheri adolttionar registers or the like are prov^ided, 
the sequencer must be updated. Furthermore, traces 
cannot be obtained in this prior art example. 

: In example 3 of the prior art. sihce the debugging 
tbbl ls connected to all of the pins of the jriicroprocessor 
on the /user target, the probe becomes expensive, and 
^he: contact of this probe is oftbh;^n5tabla Moreover, 
vvhen ^^s^^ accesses between the memory on the 
target and the monitor niemory in the 
buses must be OTitched rs^Didly; t^^^ it is difficult to 
irriplern^nt with. processors running at a high operating 
frequency. If there are derivative microprocessors, 
because their packages, pin counts and pin assignment 
are different, though essentially the same debugging tool 
can be used, different debugging tools must t^e prepared 
With probes for the respective derivative microproces- 
sors. Moreover, connecting the probie has an influence 
on the signals used inthe user target, which may some- 
times make the operation of the user target itself unsta- 
:ble; 

— ^T^ugh-^xamp!e-4-t)f-thepnor-artTS-^ecttve-^^ 
respect to tracing, even with high-frequency processors, 
it cannotperform tracing with respect to processors with 
■ internal cache memories while the cache is being hit. 
Moreover, with respect to the processors with internal , 
queues, it is not possible to detiermine vyhether fetched 
instructions are executed or. not. furthermore, there is 
no function for controlling the^execution of the user pro- 
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rgr^m. and it is not possible, to jead the contents of the . 
rusenmemory or the I/O. \' o ' 

Summary Qf the Invention 

In order to solve the problems of example 1 of the 
prior arti the rhonitor memory is.prbvided in the debug- 
ging tool; the mbnitbr progranri.is operated by using sig- 
nals dedicated to the debugging tool, an interrupt 
dedicated to th^ debugging tool is prepared, and a hard- 10., 
ware break function is incorppriated in the rnicroproces- - 
son In order to solve the probifms of example 2 of the 
prior art. the registers, the user mernory. and! the I/O are ; 
accessed by using a moriitpr progranni. in order to solve 
the problems of example 3 \of the prior art; the logic ciN is 
cuits for runriing monitor program^ 
oryin the debugging tool, the logic circuits fpf performing 
.•executiipri^^^^c^^ and 
the logic circuits for 0 

executed instructions are incorporated in the micrbproc: 
essbfo Mbreover, pins :CljBdic4ted to : cbnne<^ori with the ■ 
debugging tool are provided in the mlcrpprbcesspr, andr^ 
only these pins are connected With the debugging tool; 
Furti^er^,a functiori is added^^^^w^^^^ clock f re- 

>^uehcy only duririg the execution of the monitor program '.. 
Jrijbrdenfe solve t^ 

art/^rejlpigip pircuit for, executing a mp^ on 
ihjBimonitdr 

cuit for -^oBcutidh control incl^ 
ppihtSi and the logic circuit for outputtihg PC information 
of theiexeputed in^ 

tnicroprdcessor:, '. '^'-' J. ^ ' v.; 

Brief Explanation of the Prawings ; ; 

.[.' ■ Fig, = 1 : Diagram showing the structure .of exarnpie 1 
•^;ql1hepriprart. /■;-:/.^" 

Fig. 2: Diagranri showing the structure of example 2 
•of the prior art. . 

: Fig; 3: Diagrarn shovying the structure :b^^^^^ 3: 40 

bfthe^priorart. : ■ : 

Fig, 4: I^iagram showing the structure of ^example; 4 
;Of-thepriorart.; \ • v; • ■■;v' -:.?^:;/•''^■.^'■ ^^ ' 

. v. 'Fig. 5: Piagrarh showing the stru^^ 
. iment of the present invention. '^5 

Fig. 6: Diagram shbvying the structurevOf the debug- 
ging module of ah embodiment ofthe present ihy^^^^^^ 

Fig. 7: piagram.showing the structure :of the debug- , i , 
ging tool of an embodirnent of thepres^^^ 

;Fig. 6: Diagram showing an outline of circuits related so 
to the serial rnonitor bus of an ernbodiment of the present 
•invention. ■:>•:■•. 

rjg. 9: Tin r i i ng cha rt^heiftmtel3a5^aratron^1ithe ~^ 
serial monitor ^bus in an embodiment of the present: 
invention- • .--^ -:^>/, ■ 55, 

Fig. 10:7nming chart of the write bus operiation of ; . 
the serial mbnitbr bus. in an enibodirnent of the present . 
invention; 



20 



25- 



30 , 



35 . 



Rg. 1 1 : Timing chart showing an example of the PC 
trace output of a branch instruction in an embodiment of 
the present invention. . / . 

Rg. 12: Timing chart showing an example of the PC 
, trace output off an iridirect jump instruction in an embod- 
iment of the present invention: 

. Rg. 13: Timing chart showing an example of the.PC 
trace output of an reception and indirect jump instruction 
in ah embodiment of the present invention. 

Rg, 14: Timing chart showing an example of the out- 
put timing of the PCST[i2:p] when . a debug exception 
occurs in*an erribodiment of the present invention: 

Rg. 15: finiing c^ 
the PCST[2:p] in a caseJn which a target PC is output 
when a debug exception occurs in an embodiment of the 
present invention. 

Rg. 16: Timing chart showing the output timing of 
the PCST[2:0] wtien there is a return from the debugging 
mode in an ernbodiment of the present invention. 

, .Fig. 17: Tirtiihg chart of an example of the pccur- 
rehce.of a trace trigger during the s^ execution ; 

of ordinary instructions. , 

Fig. 18: Timing chart of an example of a case in 
which a trace trigger has occurred during the execution 
bf an exception-pccurring instrucrtiori.^ 

Rg. 1 9: Timing chart iDf an .ex^ in 
which a trace trigger occurred during the execution of an 
ihdirect jurnp insfruction;^^^^ V^^^^ 

Rg. 20: Diagram show structure of the trace 
j memory interface arid the trace memory in the debug- ; 
^./gingtpol-60M"^':^4^ • ; 

Rg. 21 : Diagram showing the structure of the power : 
supply::part of the debugging module. 

Rg;. 22: piagram showing the structure of the initial, 
ization drcuit of the debUggihg 

Explanation of Symbols: 



10: microprocessor 

15: . internal debugging interface 

16: internal processor bus ; 

:?0: V processor core 

30: • ; debuggirigjniodute 
31 instructiori/data address; break circuit 

32: PG^race: circuit / > ^ i ; / 

33: processor bus break circuit 

34: serial monitor bus; circuit 

35: . . register circuit 

36: ■ external interface circuit . 

37: frequency-diN/iding circuit • 

38: power source switch ' 

40: memory 

~501 — 1/0 — - 

60: = debugging tool 

70: user target systeni 

71: external debugging Interface 

v-90: . prbcessorvbus 0: V 

342: sserial output circuit A 

343: serial .input circuit A V . 
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(520: communication interface 

630: controller . 

640: monitor memory 

.650: monitor miemory Interface • 

651: serial input circuit B . 

652: serial output circuit B 
660: . trace memory interface 

661 ; trace memory control circuit 

662: trace address counter 

653: trace data register 

664: trace trigger decoder . 

665: controller address riegister " • ' , 

667: controller data register 

670: trace memory 

, 680: run controller . 

690: target interface 

Detailed Description o f the Invention 

The present invention will be explained below with 
respect to embodiments in which the present invention 
isapplied to a microprocessor incorporating a processor 
core with 32-bit addresses and a 32-blt data bus. The 
asterisks {*) added to signal names in the figures and 
during the explanation b^Iow: indicate that these signals 
} ar6 negative logic. > 

Overall Explanation of Debuciaihq System 

Fig. 5 shows a structural diagram of the debugging 
system of an embodiment of the present invention. The 
debugging system comprises a user target system 70 
and a debugging tool 60, User target system 70.1s con- 
structed with a microprocessor 10 that incorporates a 

■ debugging function, a memory 40. and an I/O 50. Micro- 
prcksessor 1 0 is constructed with a processor core 20 and 
a debugging module 30. Processor core 20 accesses 
memory 40 and I/O 50 through processor bus 20 and 

^^ecutes programs. Processor core 20 is further con- 
nected to debugging module 30 via an interna! debug- 
ging interface 15 and an internal processor bus 16. 
Debugging module 30 is connected to debugging tool 60 
via an external debugglng interface 71. 

:ExDlanatlon of the Execution Modes 

The debugging system has two execution modes: a 
debugging mode in whichthe microprocessor executes, 
the monitor program, and a normal mode in which the 
microprocessor executes the user program. 



; 60 through debugging module 30. The monitor program 
implements the execution control functions, such as the 
reading and writing of memory, I/O. and registers, the 
setting of hardware break points, the Indication of the 
5 execution start addi-ess of the user program, etc. Execu- 
tion of the return to the normal mode instruction by proc- 
essor core 20 causes return to the normal mode to start 
•or re-start the execution of the user program. 

10 Explanation of the Normal Mnria 



In the normal mode, the debugging system executes 
the user program. In the normal mode, the PC (program 
counter) information is output to an external debugging 
interface 71. The debugging systeni requests a debug 
exception or debug reset to processor core 20, by means 
of hardware break, software breaK debug interrupt, 
debug resieti etc., and paisses control to the debugging 
mode. 
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Explanation-of-the-Sebtigi; 



If a debug exception or a debug reset occurs in proc- 
essor core 20, a jump to the vector address of the debug 
exception or reset is executed and the debugging mode 
is entered. The.memories corresponding to these vector 
addresses are located in debugging tool 60. 'Processor 
CQj-e 20 executes the monitor program on debugging tool 



Summary Explanation of the Debuaoin g Module Func 
tions 



Bel(^, explanation will be given on the serial monitor 
bus fuhctior) which is operative during the debugging 
mode, and on the PC trace function, trace trigger func- 
tions, hardware breakf unctions, software breakfunction, 
debug :^lirnerTi^^^^ debug reset, and masking function 
which are pperativie in the normal mode. 

Explanation of the Siarl al Monitor Bus Function 

When processor core 20 accesses the address 
region dedicated to the monitor, the serial monitor bus 
function is executed by accessing the monitor rnemory 
in debugging tool 60 through a serial transmission path 
by means of the pins dedicated to debugging. When a 
region outside the memory dedicated to the monitor is 
acx;essed, access through the ordinary processor bus is 
performed. By this means, the monitor can also access 
the memory and I/O on the user target system. Though 
the bit width of the serial monitor bus is 1 bit in the embod- 
iments below, if more nriicroprocessor pins are available 
for this bus, orie can also make it multiple-bit wide. 

Exbianatlon of the PC Tra ce Function 



The PC trace function traces the program counter 
(PC) values while processor core 20 is executing a user 
50 program. This is implemented by outputting the PC trace 
information to. internal debugging interface 15 when 

processor-core-20-is-executing-the-user p rogr a m fr om - 

memory 40. having debugging module 30 obtain and 
process it, and then outputting it to the debugging tool 
55 via the external debugging interface. 
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Explanation:of the Trace TriQQer Functions . : Explanation of the Debug Interrupt Function 

There sire three Idn^ ;tfigger .functions: the ■ In the debug interrupt function. processor?0 causes . 

Instruction address trace trigger, the data address break .a debug ihten-upt by assertirig:^ debug interrupt signal, 

and the processor bus trace trigger; 11ie ;ihstructio^ : 5 f- ft causes a transf er to the debug niode^ v r 
address Wce^Jtrlggerftinction is iniple^ 

paring thft value of Ahe instruction execution address that Explanation of the Debug Reset Function 

processor iDore^ 20 'outpirt^^ V ^ ^ ^ ^ " . 

irrterface with the value of the address that has been s^t ■ ; In the debug reset function, prpcesspr 20 causes a 

in the. register in -debugg^ debug reset by asserting a d 

rriatch. debugging tooieO is in^^^ izes the internal stateis of processor 20 and debugging: ; 

Qingxirrteitece 71 vthat a trace trigger has occurred. The . module 30; sets processor core 20 to be>in the debug . 

dkta address trace trigger fuhc^ iprpieimented by : , rriode, and causes execution t)f tt^^^^ . 

. cortiparirig the value of the data access address that > = , the yector add^^ 

processor aprev^^ ^ > ; . . / v;. 

Wf^Hanp wifhfhp va Explanation of the Masking Furictiori . 

in the ; register in diebuggm^^^ they - : : : 

nriatch,; debugging to^ The masking function, according to its. setting, 

debugging interface 71jthat a tra^^ .masfe the user imerrupt du or : 

JJie proc(BSsorlk^ ; - masks the u^ 

'vby^=cbmparing^tiie^>^ /V:^-':^^^;'-^;'':^-^ 
; th^ data*at prpc^ isD^oti^plrt^ tcrth infernal^; o ^ Dialled Ekpl^natibn of the Ov^ 

debugging interf^ Ihe ysJue, of iand , Debugging Module y^.X.^.^ 
;daita' that 'has 'been^set^^^ 

module 3O.;:Wi0n^ the^ 
; ihformed^tifsroughi^ 

tracie trlsiger has dccurnsd/;;^^^^ -v^^^^ - v ^ • •. i-^^^^ rmoduie SO^^ Debijgglhg m^ 

!tibn/data address break circuit 31 ^ a PC t^ 
Eicplanatioh of the fr^ardware Break Function ; ^^^^^^^^ ^.^^^^ a^^^^ 

Th^re are three kinds of ha^ oiit^; arid a frequency 

an instructibn addressjareaik, a data[ address break, and ; PC trace circuit 32 is connected to processor core 

avprocesspr bus ib^^ 20 by internal debugging interfacie. 15: The PC infbrma- 

;furK:tibn^is inp^ cpniparlng,th(B value of the^ tion of the executed instructions, output from processor 

ir)structlon execution address p^^^ 35 20. is input, the information is processed, arid the result 

to the internal debugging inteirfaCe. with the vaiu 

addressthathas been setin the register in thedebugging InstructionAJata address-break circuit 31 is con- 

mbdule 30. VVhen they matchiia debl^^ i20 by internal debugging^inter- 

patched to proceisspr core 2bA ; 
function is irnplennient^ J^^^^ ' 
data access address processor core 20 outputs to the instruction address set in register circuit J35;-^ 
internal detjugging interlace, : w^^ nrequeists an Instruction^ a^ 

{address which has beeri sfet in the register in debugging^ r^-:^^ /^^^ 20, If iihe use of ins4fuctip^i:^^ 

Wbduie SOv'Wheh theV^m^^ exceptibn isdis^ r brea^ 

patched to processor core 20; The processor bus break is. ' g^rs has been enabled, the occurrence of the trigger is 
junction is irnplemented by comparing the values of the informed to PC trace circuit 32^; ,:; 
data access address and the data p^^ 20 out- In case the circuit inputs the data address output , 

fiute tb.the ihternal deb^ from prpcessor core 20 and. the Mue matche^^^ 

of the address andriata that have b register adcjress Which has be^^ set in r^gister bircuit 3^^^^^^^^^ 

in debugging module -30. Whe match, a debug 50; address break; exception request is dispatched to proc- 

ihterrupt request is dispatched^tOiprbcessor core 20.. ' ; ;^orcore 20i jf the use of data address brea:te 

enabledrThen, if the usebf trace triggers-h^^ 

:Exp i anation o f th e -Softwam^eak^ianctron— — "^^^l^lirihe occurrence oflffe^tnggens^ihtermedl^ 

trace circuit 32;The use of a break or a,trace;trigg^^ 
The isoftware breakfunctibh ^bauses a debug excep- * , 55. enabled by the value of the cprrespondihg bit of 'the cor- 
tipn wherein; :pirocesspr;core5;^0" a software^ ^i > .:?respond register in register ■ circuit SS^vv - 

^ ;breakrinistruction. ;It caUsesia trahsfertothe debiig mode.' -: r,; - ^^Brpcesspt- bus b^^ cIrcuit.SS is connected to proc- 

. /. jessor core 26 th^^ 

■ 7 -bit^bf-d^ta -can be masked. This . circCiit mp 
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cycles oh the processor bus. and if the address and data 
set in register circuit 35 matches the address and data 
occurring during the bus cycle/it will dispatch an excep- 
tion request to the processor core. Then, if the use of 
trace triggers has been enabled, the occurrence of the 
trigger is informed to PC trace circuit 32. 

Serial monitor bus circuit 34 is connected to proces- 
sor core 20 through an internal processor bus 16. When 
the processor core executes a monitor prograrh oh 
debugging tool 60, the circuit converts the data in parallel 
format into serial format, or converts the data in serial 
format into to parallel format for interfacing therebe- 

-^tmen: / • - 

Register circuit 35 contains control registers which 
contrdi the functions of the debugging module. An * 
address is allocated to each register. They are con- 
nected to processor core 20 via internal processor bus 
16 and internal debugging interface 15 so that the con- 
tents pf the control registers can be; r or written by 
running the monitor program. Moreover, the contents of 
the control register are output to each circuit in debug- 
ging module 30 and to processor core 20 to control the 
debugging function. 

External interface circuit 36 controls PC trace circuit 
32 4n diBbug[ging module 3Q, serial monitor bus circuit 34^ 

^^nd the 'interface of process and debugging 

;tool€b.Tlierhasklng functio is ailso irnplemented within 

;%xtemial Interface circuit 36. 

Frequency dividing circuit 37 divides the frequency 

vc^ the dock sighd CLK. The serial monitor bus circuit is 
operated by the frequency<iivided clock CLK 2, 



vDetaled of the Overall Cbristruction of the 

^^pebuggmq Tool 

Fig:^7 shows the overall construction of the debug- 
3ging tool. Debugging tool 60 contains communication 
inlei^6e€20, controller 630. monitor memory 640, mon- 
itpr memory interface 650, trace memory interface 660, 
trace memory 670, run controller 680, and target inter- 
face690. 

Gommunication interface 620 perf^^ 
lions with the host cpiiTputer. Controller 630 analyzes 
commands sent from the host computer via comnhunica- 
tion Interface 620, executes them, and returns the 
results. M'dnitor memory 640 is the memory for storing 
and -executing ( the monitor prograrn. Monitor memory 
jnterteipe 650 converts the serial signals from the user 
target system 70 into parallel sigrial^ accessible to mon- 
itor memory 640, and also arbitrates the access requests 
from cohtroller 630 and the mlcrpjarocessor on the user 
targetr 



PC Information being sent from the microprocessor on 
the user target is not obstructed; 

Run controller 680 inputs the user* reset signal 
RESET* which is fed from user target system 70 and vblt- 
5 age VDD of the power source line of the user system. By 
giving the debug interrupt signal DINT* and the debug 
reset sighal DRESET* to the user target system, it 
resets, stops, or executes the user program. 

Target interface 690 consists of a circuit for protect- 
to ing user target system 70 and debugging tool 60 when 
the power is turned on, arid a circuit which regulates the 
input/output voltage according to the power source volt- 
age off target user system 70. 



IS 



Trace memory 670 is the rherriory for storinig the PC 
information which is sent from microprocessor 10 on 
user target system 70. Trace memory interface 660 
stores in Irace menriory 670. the PC iniformation sent 
from microprocessor 1 0 on the user targetsystem. More- 
over, when there is an access request from controller 
:630.it=arbitrates this request so that the storage of -the 



Intierface Signals between the Debuooi na Tool and the 
Microprocessor 



There are in total twenty lines for the interface sig- 
nals between the debugging tool and the microproces- 
20 sor. Itie JhpUf^butput designations show the directions 
when seen from the microprocessor side. The following 
eight lines are for the external debugging interface sig- 
nals between the debugging modiilesSO and the debug- 
ging tool 60: 
2S ./.V- ■ / . ' 

l . bCLK : output 
■ 2. DRESET : input 
. ■ - 3-5. PCST(2:0) : output 
6. SpAO/TPC : output 
30 7. SDI/blNT/: input 
8:DBGE:iriput 

/T^ signals are also connected to 

debugging tool 60, although they are not dedicated to 
35 the debugging tool. 

9.flESET : output 
lb/ VDD t output 

40 Ten ground lines are also connected. 

11-20. GND : ground 

(1 ) DCLK (Debug dock) : output terminal; 

45 

This is the clock output to debug tool 60. The timing 
of all of the seriai monitor bus and the PC trace interface 
signals is defined by this debug clock DCLK. When the 
serial monitor bus is functioning. DCLK is the clock 
so obtained by frequency-dividing the operating clockof the 
processor core 20. 



55 ; 



(2) DRESET* (Debug reset) : input terminal (terminal 
with pull-up); 

Debug reset input. A low-active signal. When 
DRESET* is asserted, the ICE module is initialized (not 
related to DBGE). When debugging tool 60 is not used, 
this terminal should not be connected. 
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;j(3)MPCSX:(2:b) XRC i 

Thesis terminals output the PC trace status Informa- 
tion : and the serial monitor bus mode given below. The 
table below shows the meanings ofiheS^it codes output 

,by:1he.PGST ^ :y:A^-^^^v o-^::. 

111 (STL) :pipeline.stin / 

11 (JMP) > branqh^UfTip laken {with PC putput) 

101 {BRTj.: branch^ump taken. 

1 0p (EXP) : exception occun*^ (With an exception vector 
:^c*kJe:'putput):^-^ v' . ■ •r:--'-''^\-^-y-^\.:- ' ■ ■ ' 

4CW^W(S5Q)) ^ sequential^ e>fecutoh .^in^ that 1 
-rihstruction. was^(B>^ ^.V'^vAi '^"^t^.^^^"- • 

010 (TST): trace trigger/outpuM stall 

0b1-(J^Q)x^tlrace;lriM 

optf (DBM) : fiebiisiginji m • high level) 

Table 1 " . 

i{4)PBGE*; (Debugger Enable)^ 
with pull-up); ; . - : . 

V This terminal indicates ^whether the debyg tool 
6P; Is connected or not. If debuggihg tool J50 is not con- 
^;necied exterhaJly;iit bec^ t>f j^e^ 

piiil-up; Since debuggrhg;.tppl;6psi^ 
connecting We Belxjgging topi hiak^s it^l^ 

: ; A yWien debuggingto^^ the 
' DBQEt ^signal is high^(Bvel>;/the exceptibii Vectdr ^ 
^^acfdij^s of f^^regipn which ; 
^;^is!:r^eksedip user,' alldvinrig vthe;i^ be tri^iis^^^ 
^ferred^tci a monitor pf^ the debugs 

exception. Moreover, the user, reset is disabled (which 
Initializes the debugging moduie function to disable the 
debugging functions), except fbr the; hardware br^k* 
functibh^ reducing power consurhptpri 
feasor. Moreover, all the! output signals -^(SDAC^ 
APPLK;«PQST[2:0i 
; • vyhisri debjugglhg topi 60 iiSvCprine^ 
€b(6eption vector address of p 

the mbnitor-dedicated region vyhich i^ riot rejeasedtpthe . 
iiser. thiis itime, th0 user res et do W not iriiti aHze th e;? 
debuggihg module, which allows; the id 
'ti6h&4dj;be utilized; ^en irhrn 
That is, the present invention satisfies ;;the request to 
Vbbseiye;^^ irnmedi:^ 
atqiy after the us^ r^^^ 



Furictipn as. SD/!Xy h 

This is the signal terminal, which outputs . data, 
addressfi read/write and byte enable signals, serially; one 

5 . bit at a timiB. lt.outputs a stai-t bit before the beginhing of 
each bus cycle (that is, it outputs the low level for one 
dock pisribd). Its output order on reading is: a start bit 
(low level). A2-AJ 9, RD. WB, BE0-B^3- on Writihg. the 
output order is: a start bit (IQW level). A2rA19;^ RD; WR. 

■ro .■,BE0-BE3.vDO-ED31:, --/-r- • 

.Functioil:aS;TPC -v- ; • ■ - ^ / ; - 

This is the signal for outputt^ 
75 of a branch^iimp instruction and av vector number of 
^ceptions/interrupi The target address is output in 
sequence frorh the low address A[2] to the hijgh address 

y Arsi].;-. • ;/ ■ 

20 (6) SDI/DINT* (Serial data input/debug interript) : input 
>fern[1ihaij(withi^^ 

. M^^t^ this terminal acts aiis the 

; serial data input term SDI (Serial data input); in the 
^ ^; hormal mode, its acts as the- debugMnterrupt ^er 
■ : vPINt* (D^b ; > ^ V 

v;:v;.::Functibn^as SDl:..:^.'-/^ Z]:::^' . 

^ > brt^dw^lev^ 

^ vfrbmthe n^ dock; Ori^ 

the bus cyde cbnpletes. The order of jhpu^ 

is: a start bit:^low-ievel), btG]-0I31J. On writing, only ari 

;?5 ; erri M 

Function as bilsTP* : 



.:40 



45 



terminal;. 



■ When the. microprocessor ;is; -executingia -riionitor. 
•p r ograr t i (he r eina tteTn^etgrTgdno"^ay 



s^ebugi interrupt input from debugglng^^t^ When 
debugging tPbl 60 is not us^d; this terminal should be of 

.ho"connection.:i-:^ 

;(7) RESET* (Reset) :. output terminal;: V 



User reset terminal. By connecting this ^ignal to the 
debugging topi, tor exanipie, when there is no response 
V from the debuggihg modtile 30, it can deterrriine whether 
this is due to a user, re^et signal or. not. Causing the 
debug reset immkliately after thefuser reset can be done 
50. by keeping D RESET* active until: after ftESET* signal 
;^goes-high. ■rv V; . V ";' ' 



mode), this terminal functions as the terminal SDAO 
(Serial Data iand Addi-ess Output) which serially outputs 
dataufaddress. Whien the microprocessor .is executing a 
iser:^prSgram ;(heir;eihafter; -referred to ias ithe normal 
mcx!ie)ftrt the terminal #PC7{Target PP);' 

whlch< senaliy pu^ i ■ ^ ^ vi • . 



{8)^D7(VTDtJ)r:^tpufY(^^ ; " 

55 Power source line of the user target system. By 
inputting this Into debugging tool 60. debugging tool 60 
can find out the power source voltage of user target sys- . 
tern 70. This, allows an alteration of the threshold vaiue 
of the input waveform and the voltage level of the output 
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waveform in compliance with the power source voltage 
of the user target system. I^oreover, when it is deter- 
^mined that the povyer source of user target system 70 is 
not onrthe output devices of debugging tool 60 is made 
highrirnpedance to protecting them. 

<9)GND{GND) 

^ in order to match the ground levels of debugging tool 
60 and user target system 70, ten ground lines are con- 
nected. They are interleaved with the above-mentioned 
signals (1) through (8) in the transmission cable between 
debugging tool 60 and user target system 70 so as to 
reduce the cross-talk among these signals. 

Detailed Explanation of the Serial Monitor Bus Circuit 

The dperatron of serial monitor bus circuit 34 of Fig^ 
6 will be explained. 

diitiihe of the Function of the Serial Monitor Bus 

puring the debug mode, when processoi- core 20 
'accesses the mohitor^dedicated region, the memory on 
debUSgingtobI 60 IS accesised through the serial monitor 
tjus circuit 34. In write operations using the serial monitor 
S)us, serial monitor bus circuit 34 outputs the address, 
^the bus control signals, and the datatothe SDAO signal, 
serially libit at a time. In read operations, it outputs the 
address iand the bus control signals serially 1 bit at a 
time. ^In read operations, it outputs the address and the 
bus control signals to the SDAO signal and inputs data 
:lrom theSDI signal serially 1 bit at a time. 

The serial monitor bus is operated by the clock CLK 
2 which frequency-divides the operating dock CLK of the 
processor core 20. 18 bits A[19:2] of the address signal 
: of theprpcessor core are output to the serial monitor bus 
Jyyhidh enable to access into a 1 Mbyte memory space. 
TSince thejbyte enable signal :BE[3:0] of the processor 
core 20 is output to the serial monitor bus, byte, half- 
word, and 3-byte accesses are also possible. However, 
in the serial monitor bus. even in the cases of byte, half- 
wojxj or S-byte access. 32rbit wide da^ 

When one byte, half-word or three bytes a^^ 
thedata portion corresponding to the byte position where 
BE[3:0] is inactive is undefined. On reading, the data at 
the inactive byte positions are ignored by the processor 
-core 20, and are not read. 

in the normal mode, writing to the regions dedicated 
. tp the monitor is ignored; on reading, the result is unde- 
fined. VVhen this kind of write access has occurred, serial 

34 sends an~acknowtedge~stgna 
showing completion of the bus operation, to processor 
core 20, and then the bus operation is completed. 



Detailed Explanation of Method for Transmittino the Sio- 
nals of the Serial Monitor Bus 

Rg.'8 shows an block diagram of the serial.monitor 
bus. With reference to Fig. 8, the procedure of transmis- 
sion of signals will be explained. 

In Case the Processor Core 20 Perfo rms a Memory 
Read • 
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(1) The parallel-format address, read signal, and 
byte ensible output from the processor core 20 are 

' . converted into serial format by serial output circuit 
A342 and output from the SDAO. ' . 

75 (2) The serial monitor input circuit B651 in debug- 
ging tool 60 inputs thern and converts them into par- 
allel format and outputs the parallel fomnat to monitor 
memory 640. 

(3) The data in parallel format output from the mem- 
20 ory are converted into serial format by serial output 
circuit B652 and are output through the SDI. 
. \ (4) The serial input circuit A343 in debugging module 
: 30 converts them into parallel format and outputs 
; them to processor core 20. 
2S ; (5) the processor core 20 reads the data in parallel 
format. 

In case the Processor core 20 Performs a Memory Write 



30 



35 



- (1) The address, write signal, byte enable and data, 
in parallel ibrmat as output from processor core 20, 
are converted into serial format by serial output cir- 
cuit A342 and output from the SDAO. 
; :(2) Serial input . circuit B651 in debugging toot 60 
inputs and converts them into parallel format and 
outjDuts the signals to monitor memory 640. 
{3|) Whien the writing to monitor memory 640 is com- 

' pleted^ serial output circuit B652 outputs low level 
for one clock to the SDI 

(4) Serial input circuit A343 in nriicroprocessor 10 in 
user target system 70, when this low level has been 
input, notifies processor core 20 that the write cycle 

. has been completed. 

(5) The processor core 20 ends the write cycle. 

Detailed Explanation of the Timing of the Serial Monitor 
Bus Operation 



The serial 'monitor bus operation will be explained In 
50 detail below, using timing charts. . 

=^ead-bos^eration^bf^ertal-monitor-| 

Fig. 9 shows the timing chart of the read bus oper- 
55 ation of the serial monitor bus. 



40 



45. 



(1) Processor core '20 starts a read bus operation to 
the monitor-dedicated region (cycle 1). Processor 
core 20 outputs the address to be accessed to the 
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^prpce^sor^^ formaVasseils a r^ad sig- ; 

Jn^J^Jairid^^ signals atlhe k^e 

•^'•pd^itipns to be^^ " " : " 

V:;(2)^^^^^^ circuit 34 outputs iowjevel for s 

:i:6nejc^p<i5^^ CLK 2.;>hich is;thfe ire^^ -s '- . 

^;:vvdiYided^ Cfore i:loc* GLK/ to the SDPO 
/ijsignafw^ 

;f • (3) •SWldl^pnitb^^^ 

j /^2^;ii!?>4l!Sj^^a^^ 10 
ibyteVwabl^^^ 

: :/20itQ-^ inTthis ordeivJ^ea 

•/^(4)^Mbnrtb^ interface esolindebuggihg idol 15. 

g^^ddtess;^^ 

'640/ , ' ' -/^ 

i^vialld^ fyom rpo^ i. v ^ 

V vihtb s^iali^^ 25 
^ levelJsrOiiJrtRUt to SDI;signa! for one clock (cycle 

with DCLK(cydes n+1 to n+32). . 
, (6) Seriairnonhor bus circuit 34, when a low level is 30 

;! ;d^te^^ djaita b[P]7 v 

©[3ililfpiT^ for; eiikch, clockJcrf^GLK ^ 

(cycles.n+1 tori+32).. 

!?yi^(||5Seriai|rt^ 
■ J-sigria^ 

i:;^outputSf4he 32 bit of data which were read^to the 

v;; (EQ^Rrbciess^^ on the process- . ; 

spr bM^ 



^rite Bus Operation of the Serial Monitor Bus ./ , 

> chartof the write bus bperr 

•artipnif the^serial^mp bus. , •/ • 
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: Vv(;i) ^?i;pcesspr starts a write bus operation to : \ 

V- Jhe,7Tip (cycle :1):vProcess;br " 7 

. : - cpreiizo du^^ to be accessed to the . 
^/•ppDcessodbus and asserts a write signal. Jhe byte 

. : enable signal of the^^ of the byte fp be written^.;; .5^^^ 
7 ^isasserted.,.v 
.•(2)fSeriai monitp^^^^ 

4 ?diyidjsd^cl^ the start 

•'^^of ^the^^te Jdus^ to ;the^tnonit6r regipri is^,: ^ss:: 

-recognized t(bycle ■■:^•S-^'•v■•-■ 

: ^:(3)^enii^rn^ circuit 34:Outputs the address s 

>^^^^[?iiji^ia^ ^(indicating a read); tHei. byte;^ 

\ i\ena^e^ Siigr^ and the ^write data; 



, r, . DdyT[0]-DOUT[31] which have been! output in the 

writ bus. operation of th^ 
. order/to theispAo s^^^^^ bit at every clock of 

. GLKZ signal Xcycies 3-i57ji \ 

(4).Monit6rmem6ry inte^ 
^ 60 Ihputs the sfddress a[2];^AI1 9] (the high levej indi- 
, c^ti ng a read) . th e byte enable signals BE[0] *- 
* ■ BEpr. and- the write data/DOUT[0]- bOUT[3 1 ]; 
" which have been output to SDAO signal, in this 
V/ prderi,bhei .bK^ ot DGLK. The addre^, - 

byte enabieysighals and write data are .then conM 
v v .V verted intb vparallel format and outpuit to; monitor 
^meiT!ory640;v > 
;(5) Whea:m^ 
pleted the wiriting^ 

4s:^putput td the Spi signal for bne clock (cycle n); 

(6) Sen^ r^ cifcuii34vwhen a low levef is 
■ : ^detected Jn thfe: :SDI^:asserts a wrifie bus response 

J : ; ;:^signal tp^p[rt>^ ; , ' , / 

(7) ;^ cbTinpljEtesJtfie write bus oper^ 
ation. ' 

PGtracecirOT^ [ ■ 

1^ and 
l^rarich^will be de^ 

Indirect junip:Ajiirn^ 
not be detef minecl in thie m 
to ah: kJdres^ stbred^^^ 

<^ Direct jump:: A junp which • the jump- address is ; 
§ detierrnined by an a^ 
Js located and tob instruction 

> ;^ ; Branch :^ Jump Jn whi^^ address can be 

^d(Btermined^^^v^^ at • Vvhich the 

: instruction itself is located and part of p^^ the 
^instructipn code, in a 

-ally taken or hot is deterniihed by cdnditipns. tf 
r is actually takenl it is palled.:^ if it is hot V 

taken; it is caniM?^^ 

PG IraciBS indtide ilh e if pllpwing kinds of Irace 
;'^niodesv. - v- -^v.^-. i-'-VV -/- \--' 

"Real-tirn the execution 

dftheprocessprcore?Ois alw^aysperfprmedinrealtirne. 
butwhen the next indirect^iun^ occurs during the target 
PC output of th eprevious^ indirect jump, outputting of the 
iargiBt FG of the indireqQump occurre^^ 
and outputting bf 'the jiew;t^ 

Npn-rreal-tinie trace mode; Jn.this hnode. when adja- 
cent indirect jumps occur as described;above, the pipe^ 
linevprocessing of thef :prbcessoncore;20 is halted until 
the target PG of thepreviously produced^^^^ jump is 
^completely putputr in this way, the real time execution of 



■theTpfdcesSor:^ 

;,the indi rect jump, is always corhpletely output. . 

' The ;PG trace circuit.i32 inpiits 'the follow signals 
ifrbni the:prbcessor core 20; ^ o 

; ■ iDebugging rnode signal: ilhis^ s^ indicates, 
whetherithe processor core 20 is in thedebugging.OF the 
^hdrmalmode,^ • 



9; 
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Pipeline execution signal: This signal indicates that 
an instruction has been executed. 

3d-bit target PC signal [31 :0]: This signal indicates 
target address of branch or jump instruction or a vector 
address of an exception. It is effective when the follo^^^ s . 
indirect jump signal, diireictjurhp signal; bran 
nal, or exception occurrence signal is asserted. 

Indirect jump signal: This signal indicates that an 
indirect jump has been executed. 

Direct jump signal: This signal indicates that a direct id 
jump has been executed. 

Branch taken signal: This signal indicates that an 
actually taken branch instructibn has been executed. 

. Excisption occurrence signal: This signal indicates 
that-ah exception has ^occurred. 

TTiePG trace drcuit 32 b^^ 
to the processor core 20 for completely performing the 
,;PCtrace.'.. ■ 

Pipeline stall request signal: AMien in non-rea^ 
trace' mode; in which target PG outputs are performed 20 
completely, this signal stalls the pipeline of processor 
core 20. PC trace circuit 32 asserts this signal and stalls 
the pipeline of processor core 20^when a subsequent i 
iridirect jump occurs while an indirect jump target PC is V 
beSrig^putput. When the target PC during the output is 2s 
completely outputr this si^ 
prpc^Bsartgof-^^^ 

- V ^f'G signals ^ ■ 

from instructidri/data address break circuit 31 and proc- 
essbr bfeak drcult 33. alsoinputs the status of the bit 

^Mitiich'svwtchesihe^a^ aildciatied to a register in 

Tegistiardrcuit^S; '-v;-'- ■ 
: ipCtiface drciiit 32 cohv PG trace information 

'^which ?processor core\20 outputs during normal mode 
operation to a 1 -bit PG output (TPG signal) and 3-bit sta- 
tu^ information (PGST[2:0] signals) and outputs them to 

^ddbugging to6r60: 7^^^ and TCP signals will 

;be exprtained below. ; ; 

PCST[2:0]: At each clock, the execution statusof the 
instructions isoutptrttoPGSll2:0].lnthefp 40 
nation/0" represente the low level and "1 "the high level. 

1 1 1 i;(STy : pipeline stall: This indicates 
cution of an instruction was not completed, in a status in 
which there is no trace trigger output. 
\; ild (JMP): branch/|ump taken (PC bulput exists): 45 
'THjs indicates that a brahdi ihstruction is taken or a jump 
instruction is performed, and output of the target address • 
-(address of branch or J ^ the TPC signal was 

started. 

101 ;{BR'Q: branch/jump taken (np PC output exists): so 
Thisihdicates that a branch instruction is t^^ or a jump 

►r-n^rbut^here^s-no-GutputH^f -thenar- — — 
-get address (address of branch or jump) to the TPC stg- 
:nat: . ' *. 

100 ^( EXP): exception occurred (code output of -55- 
exception vector exists): -This indicates that exception, 
'has occurred. It simultaneoijsly indicates that code out- 
put of exception vector to TPC signal was started. The 
iCOde is of 3 bits and is output to the TPC signal in the 



order of the lowest code (0). code(1) and code (2). 



30^ 



35 



Kind of exception 


Vector address 


Code 


Reset, Nmi 


BFGO.iOGOO (100) 


4 


:UTLB(BEVi=0) 


8000.0000 (000) ' 


0 


UTLB(BEV=1) 


BFG0_0ld0(110) 


6 


other (BE V=0) : 


8000_0080(001) 


1 


Other (BEV=1) 


BFC0_0180 (11 1) 


7 



Here, BEV is one bit in the register in the register 
circuit 35; the vector address of the exception handling 
can be changed by its value/ 

:. 0^ 1 (SEQ):. sequential execution (indicating that an 
Instruction has been executed): This indicates that an 
instruction has been ©cecuted wherein that instruction is 
otiier than a taken jurnp or branch (JMP. BRT) in a state 
in which there is no trace trigger output reiquest (TSQ). 
This code lis also output whian a branch has not been 
.'■taken..-- _ - : 

* 01 0 (TST): trace trigger is output during pipeline 
^^11: This indicates that an instruction ad^ 
;ger.bf:prbcessdrbus trace trigger occurred in a clock at 
Which no instruction was cohripieted. 

001 (TSQ): Trace trigger is output during execution: 
This indicates that an instruction address trace trigger or 
-processor bus trace trigger occurred in a clock at which 
noinstruction was compileted. 

000 (DBM): Debugging fnode: This code is not out- 
put in the normal mode. 

• TPC: This is the signal for outputting the target 
dddressf bf a: branch or jump instruction. The output of 
the tairget address is started f rbhfi the dock In which the 
110;l(JiyiP) was output to the PCSTt2:0]. The target 
address is output one bit at every clock fro^m the low A(2). 

T^ to 
ttie PCiST[2:0i from the clock in which the 1 0O(EXP) was 
output. The code is output one bit at -every clock from the 
low code(O). 

. Since .tfie target address is output in a 1 -bit serial 
manner to the TPC signal; the next branch or jump 
instruction or exception sometimes occurs while the pre- 
vious branch or jump instruction is being output to the 
TPC signal. The priority of the target address output to 
-\the TPC in this case is defined as follows. 



-:^-1)4A^hen4he-traGe-rrK>deH54he real-time rnode.^f a 
?new indirect jump occurs during a target PC output, 
the previous target PC output is aborted and the tar- 
get PC output of the new indirect jump is always 
started. 

1(2) vyhen the trace mode is the non-real-time mode, 
if a hew indirect jump occurs during a target PC out- 
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vovj. \^H2^^ pres/ibusf iarget iPG output Is ;c6m- 

i/^v; jiij^te^ ; jproceissdr core -pipelin ^ processiihg Is 
■/"^ of the targdt PG of the new 

/^'■--doinnp^ ■^■■v v'-:..tv^ ' 

v^^U -^(3)0)^^ ia target : 

, f oui^ vector number 
^ : V;^: jilb^^ %e:interrupted PC,v 

,/ '\''Putput is restarted. ..• '.:i::./V- u'i 

.(4) vyhen;a new direct jump^pr^ 
0 v; duijngjaftar^^ 
v^.^/^adjdr(^ 

f^r:r^ to a dlrecVjump jo^bran it^ 

, not being output when it Is taken. ; 

S d'l^i?^®>i9^se^ l^en jf th e 

ntar^^^ 
^tibn>lsi:iOTqvyrt^^ 



10 
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^ . J JiojSiHs^c^ the cipc^ • coi^ iD^etwee 

direct jump orvbranch: 



30 



: !S:ts*eh^ak is b^ing ouprtife Tl^ 

;tHe dMP cpi^ to PGST[2 ;d]v and thfe ^ 

^tton^bne^fenp 

, jHhespd^ ]s a directjump; 

y;^lftce|hetai^ : 
oiJ!j|trt,>S^ TPG^^eBRTi 
;:Code is output to the PGST[2:0J. 



35 
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- (Exartiple|.3) .PG;t^^ exception arid indirect jump 
•• instructibn;-. V* , 

, Rg. 13 . shows an example of a PC trace output of 
an exception and an Indirect jump instruction^ When a 
softwiare brea^^ break exception occurs; the 

EXf^cixlejis (^tput j|o,lh^ PCST[2 :Q] and the output of 
ihe exceptio^ to thie TPC^isi^ startW dFb'^ the 

branch instru^ the SEQ edde 

is^Ot|ift?ut t^ Ihdir^t jump Jnst^uc- 
^iprijr2i:thetargeit^^ .. 
;the^Mp cb^ is::outpi4;to^hepqsi^^ 

(Example 4) PC trace when no PC Is being output at the 
time a d^bug:exceptloji^b^ . 

.'[■•::\ 'f^Q. 0 Shows apve^^^ the output timing of the 

. F^Sp2:dj occurs /In thisligure,: 

thi DM processbrcore 20i 

and when it isiin High-^^vei; It indicates thie debijgging 

mode; JbW-l^i irtiificating 

essor core 20 caus^!-a delkig e^ 

the ocesspr^ehters^^ At this 

time^^ PC traced circuit ;32 out^^^ ^the >P6M ^bde to the 
^iPG5TI2;0]^ih 

J;es^br^"""*""''^- ^' ^ ■•' ■ -^-v 

the 

(^used Jhe debuig 

i^p: tatfie ins^ before the pccurrehce: 

;of.the debug Js'OLrtpdt^^^ ■ 'V 

(Example 5) PGJrace^^ the 
-time a debug/ekcept^ ^ ; ' ^? ' ■ 



Rg: i 5 shows the output timing of the PCST[2:0] In 
ataseJnwhicha^^^^ 

exceptiph occurs^ When the t^rgei PG is^^ 

th^ processbr enters^into the^^^ mode after this 

target PC Is complex PC trace information up to 

the instructlpn jmrnedlately before the occurrence bf the 

de$ug exceptiori Is 

ibutpu^^ 



; Flg;;12;shbws ;ain,exa a;PC:trac^ pu^ut of 

^ ir^dir^ert;i^ firsiiindirect jump. 

;^nstruiq|^ to the:PCsf[2:d], 

|and the pijtputrOfvthe target PG to the ^PG is started. f=pr 
;1h(s branchjinstm 

-0bdejrS;iH^^^ target PC ofAthe-first/in^ 

-jphip^^ 

output: to - the "TPC. The JMP code is output tb the 



445^; debugging jTi6dejtb>^ 



Rg, IB shows the butputtinniih^^ return 
%om;the;debuggin^ mp^ Thfe iinstrUctions up tp^ the 



50 :; the debug .exceptiph 

.^ • -belong ^a^he:debugging_smode;^Frorn the'in^ of 
the return addresS; of the bERET Instruction,^ 

becomes effective. 



:55- 



Detailed ExDlahatlon^of the trabe TrloQers 



wlll.be explained. 



signal 
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■r'^ an instruction address trace trigger. ■ ; . but the code JMP of the jumjD is output to the 

. ' '^'data .addr ss trace trigger, or processor tous . trace trigger . . ■ • PCSTI2:0] signal in the clock of the ;jr2 instruction 

= /:haS :Obcurred, the trace trigger info^ • . executipn, and the code of the trace tngger is ou^^ 

. ^ the ^PCS^^ In the hexi clock In this exarnple. since the status of 

5 ' the next clock is an instruction execution status, the 

(1) ease in which a branch instruction which Is ta TSQ code Is output. 
: or a jurnp instruction Is being ex^ 

or an exception is occurring: Here, if a trace trigger ' Explanation of the Trac e Memory Interface Circuit 
- : ' does not occur, the 

V^be output to the PCST[2:0]. In this case (1), even if lo. Fig. 120 shows a diagram of trace memory Interface 

. ' V {.: ;a trace trigger occurs, the output of the PCST[2:0] . 660 and trace memory 670 in debugging tool 60. 

■ isi^btchangedandissu^^^ . / the TP€ and PCST[2:0] outputs from debugging 
information is output in the immediately: following module 60 are written to trace memory 670 through trace 

- ' ;^ c^^ ' data register663. The value of the address at this time 

I}' \- ^ ^i^, '^^^^r:--. ^ : \' r5 is supplied from trace address counter (B62..The 

' PbST[2:01 IS also input to trace trigger de^ 

V/ ' rV- -v iif k^ the occurrence of the trace trigger is informed to trace 

. : • : b6b^^ memory cdhtrd circuit 661. The setting of the initial value 

. - t^^^^ code/Is output to the . of the trace address counter arid the indication of incre- 

/y^: ;:PGST12:0]. 20 ment/stqp are performed by trace mern 

661 JbaisiBd on the output results of trace trigger deco^^ 

• • V 

/^O'.' ■ is perfbi-mihg sequeintial execution: When controller 630 reads out the contents of trace 

a trace triggerdoes not occur, theSEQ code memory 67O. the iaddress is set in the controller address 

V ^hoiild be output to thfe :PCST[2:0]^^ register, and when a read request is sent to trace rifieiii- 

^ ? Mif a^^^ ory controller circuit 661 .the data are read into controller 

v ' ^/^ i:^:-^^ dataregister667.Thenthecontroller reads it out. 

; ; ^^^^ ^ ■ .V^ ■ :^:'^VWien controller 630 writes the data into 

Crrt)odiments will be shown below reference to ory 6i70, the addreiss is set in controller address register 

30 665,thedata are s6t in controller data regis^er66 
a wrhe request IS sert 

^^^^^^^ ' ; 

\ o during sequential eyftnitinn di ordinary ; > Detailed Explanatioh Of Reduction of Power Consumo- 

. ;f -■'■'v- •:1ristr!J^ sis^^s^ . ? 

X ir;structibn axecution;thecodeTSQ of the f - Fig. 21 ^hqws the structure of the power feed in the 

. : ' ^ igWjs du^ debugging m6ddle; VV^ 

nected/the signal DBGE* becomes ^h^^ 

■ a trace 40 timiBbf a user reset if this DBGE* signal is at 
:^ tngg^rb^ the jDower supply switch 38 is turned off, and ^ 

that pauses the e^^ , is fed to the serial monitor bus circuit 34 or the^^ 

pie in which a trace trigger occurs during the execu- drcuit 32. Since there is no reason to use these circ 

tidn of the ihs^^ when no external dd^ 

. -. trace trigger occurs during ^^t^^^ of a spft- 4S consurnption in the microprocessor as a whole can be 

■ware break instruction "breaks but the code EXP f^^^ reduced by not feeding power, 

thie exception occurrence is output onto the Even when the debugging tool is not connected, 

' 'PGST[2:0] signal in the^^^d power is fed tb ihstructibn/data address break circuit 31, 

• : tibn execution, and the code of the trace trigger is processor bus break circuit 33, and register circuit 35, 

' ou^ 50 and to the functions of the ihstfuction/data address break 

: V /statusiofthenextdockis a^^^^ and prpcessorbus breakfunctions. By changing the vec- 

— — 1s out p u t — '■ ' ' : — : — ^y^^..^-: __^_^^Q|...a^iy j^gss es ; of the d ebuggi ng-exceptions to the user — 

■ : . region, the user can use these hardware break functions 

in debugging applications. 

■ '. :' trigger occurs during an iridirect jump instruction ss 
execution: Fig. il 9 shows an example of a case in 
i . . which a trace trigger occurs during an indirect jurnp 
. ;yinstruction executipn/^^^^^ 

;ihg -W execution of the indired jmp instru^^^ 
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Detailed Exp lanation of the DebuQQihQ Module'initializa- 

tiQh Circuit . - 

Fig; 22 shows the debugging module initialization 
circuit Since the DBGE* is at high level wheh thedel?ug- 
ging module is hot connected, when a ^user Ifeset is? : 

-asserted, a debugging module initialization signal is 
asserts/and the debugging module 30 is initiajized. ^ 

Even when the debugging boliis hot connect ed,^ 
there is a:possibility that the debugging module will 
swhch into a V/rong; state due to power ,line noise! or the 
like and might request an interrupt to processor core 20: 

: Since the debugging tool is not connected, thei debug 
reset (DRESET*) signal cannot be driven. If the debug- 
ging module cannot be initialized by a user reset, there 
IS nbiTifeansfbr irtitializing t^ debuggihg mcidule. Therer ; 
tore, when the; debugg^ tbb!; is not coiiheded, i^ , 

. extfe[fti(Bly.4mpdrtan^ a user reset to ^initialize the. 

^^debMgdiingimo^^ :^,']^'\-''' i''::'-.-^r ''-'. 

\- Cbrwersely, whisn the debuggirig 1^^^^^ cohnectedp 
the DBGE* becbnies!lq^ 

resbt IS assei'ted.^a debugging mbdulejnitializatibh sig- 
nal is not asserted^ and the debugging mpdule 30 is not: 

ilnltianzed.V-' . ; 

irtils operation is e>lr(^^^ 
one'^hts to allow airace trijggeir to occur imrhediately 
after a buser ore^t^ etc. If the; user reset initiaHzed th 
debugging modu^ 3Q» it would be necessary, for exam-- 
pie, <b terttporiarily enter tiie d et?ugging mode to res^t thie 
necessau-y riegister to allow a trace triggerAo occur How- 
ever, by entering iWedebuggi^^ 
tion Wbuld be impaired during thiW period, and it would 
be liKely ^at the phenomena whic^ is sought might not 

-to'captuired.^vJV' I'-: : //^ [^^'- 'i " ' "■ S 

Even ir» cases where the debugging m 
malfunctions due to powier liriie nois6 or the like when tt>e^ 
debugging - tool is connected^ the ^xlebug;^^^ r^ 

v CDRESET^:can;be initi^H 
aiid tHwefore^er 

Effects of Invention 

.As explained above, the following effects aire 
obtained by; the^^ ^invention, cbnTpared tb the 

examples of the iprlbr art^ 

Compared to exampi e i of the prior art, the following . 
effects are obtained: 

Since special debugging exceptions are provided , 
for enterinjg thempnitor, restrictions are not placed on 
liser interrupts. ' 

It is not necessary to provide a serial interface for„ 
the user target: systierh. . 
— H-laiThvare^eail^oiritscanb^^^^^ 

, Conpared to example 2 of the prior art .theioilowing^ 
effects are obtained:/ ; 

Since it^iSfOpt hiecessaryfto ha^^ sequencer in 
the micrbpixjcessor;: ^he ■ logic circuits for debugging 
added inside the^mierb^^ simple;' • 



Since the registers are accessed by the monitor pro- 
gram, even when .registers are added in a derivative 
processor^ it ispossfblie to easily access thern merelyby 
changing the monitor, ^ - 
5/ . For the two reasons above, even when a number of 
\Wnds of peiripheral circuits are added to the microproc- 
essor core, common logic circuits can be used for debug- 
ging. By putting this confimon module • into the 
microprocessoi' as a part of the peripheral circuits, a 
:.'io common debugging tool can be applied to a variety of 
. derivative microprocessors v^h a common processor 
core and different periph^rar circuits. 

Compared to example s of the prior art, the following 
effects are obtained: 
IS The hardware specification of debugging tools 

= can be made common, 

The number of signals for connecting with debug- 
ging tools is reduciEKJ.^v: " ■/ 
F^r this reason, probes can be made sm^ 
:2o- less expenfeiVe^. -.^;; 

. ^ Since"' t^^^ the user target 

accesses memory and : I/O/ the timing conditions 
. required in the debugging tool are improved. 

There are no effects on signals not connected to 
25 the debugging toot : : / 

If d^siredi the cprhmunication speed betw^ 
debugger ;tdol arid the >mlcroprc)cessor can be sloyi^ 
- 6awn.. ' .■■ ■ 

For this reason. It can also be applied to high-sp^ 
;-^^p M' microprocessors, ; -^^^^ 

: Cornparjkl to exanfiple 4<rftrte pnorart;t fdlloyving 
effects are obtained: 

Using;ih€t:debugging4opl,kacciess^^ target 
■ memory jardtl/O and executib 
: 35 : The address information for iristruction 
been executed m thecach^ 

. Glaims... -:>:->^' 

40 1;. In a debugging system for debugging^an applicatioh 
: progranri; for a microprocessor... a ^microprocessor 
comprising:--.: \ ■.■v.'. ■ -.VV'r '• 

first logic means for Turining 
gram on a monitor rnemory ip a ■ debugging tool 
,45 : located outside said microprocessor;; 

second logic means fpr controlling execution 
of a user prpigram containing hardware breal^ 
and."- "." .'^ 

third logic means :for tracing said user .pro- 

■ so-]-^-:-/ :gram. 

:2. : A methbd for transferring signals between a micro- 
7 ^ processor'ahd adebuggiiHiglt'Gol/'Sa^ . 

comprising a moiiitor memory for storing a monitor 
55. program to be executed in debugging mode, and fur- 
: /:ther including an^ihput terminal, an output terminal 
and a memory access xcontrbl circuiti said method 
^^ . . bperatiye during both a memory fead cycle arid a 
memory : write cycle, said .method comprising the 
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steps of: V between said microprocessor and said debugging 

during a memory read cycle: tool; and 

receiving via said input terminal, an address . decidingthetimingof a start or stop of storing 

in serial format from said microprocessor; / trace information into a trace memory of said debug- 

converting said address in serial format into 5 ' . '^ing tool. 
parallel format through use of said memory access 
control circuit; 

reading addressed data from said monitor 
memory in a parallel format and converting said 
addressed data into a series format by means of said io 
memory access control circuit; 

outputting said. data in said serial format froni r. 

said output terminal toward said microprocessor; 
and 

' during a memory write cycle: 

inputting via said input terminal, address and 
. data output by said microprocessor in serial fprrnat; 
converting said address and data in said 
serial format into parallel format by means of said 
. mernory access control circuit; . 

writing said data to said address in saild mon- 
itpr memory; and 

issuing a signal indicating completion of said 
- writing Into said monitor memory from said output 
ternniinal. 

3i A trace method for handling signals between a 
microprocessor and a debugging toot, comprising 
the steps of: ^ 

storing an execution status of an instruction 
in said microprocessor into a trace memory in said 
debugging tool; 

in case said instruction is a jump or branch 
instruction, further storing into said trace memory, a 
targetaddress of said jump or branch Instruction: 

in case an exception has occurred, further 
storing into said trace memory, an exception vector 
number of said exception; and 

wherein all of said execution status, said 
address and said exception vector number are 
transmitted through a signal pin dedicated to signal 
transmissions between said microprocessor and 
said debugging tool. 

4. A tracing method for handling signals between a 
microprocessor and a debugging tool, comprising 
the steps of: 

in case the microprocessor has: 

a. &(ecuted an instruction at a preset address. 

— -braccessed tlata-at-a-preset address. 

c. written preset data at a preset address, or 

" ■ 55 

d. read preset data from a preset address, 

sensing occurrence of any events a-d via a 
signal pin dedicated to signal transmissions 
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